Abstract-This paper deals with an efficient hybrid evolutionary optimization algorithm in accordance with combining the ant colony optimization (ACO) and the simulated annealing (SA), so called ACO-SA. The distribution feeder reconfiguration (DFR) is known as one of the most important control schemes in the distribution networks, which can be affected by distributed generations (DGs) for the multiobjective DFR. In such a case, DGs is used to minimize the real power loss, the deviation of nodes voltage and the number of switching operations. The approach is carried out on a real distribution feeder, where the simulation results show that the proposed evolutionary optimization algorithm is robust and suitable for solving the DFR problem.
INTRODUCTION
Distribution systems are normally designed as open loops and are later operated as radial networks. High percentage of loss has long been one of the disputed dilemmas of distribution networks. As mentioned above one of the effective functionalities of distribution automation system is distribution feeder reconfiguration in order to achieve loss and cost reduction. By the virtue of its nature, distribution feeder reconfiguration is a difficult and complex problem of combinatorial optimization in discreet mathematics that is directly related to the previous state of each link. Distribution system reconfiguration for loss reduction was first proposed by Merlin and Back [1] in 1975 and they have applied a branch-and-bound-type optimization technique to determine the minimum loss reconfiguration. Their proposed method had two problems. Firstly, it didn't guarantee the convergence of the solution and secondly, it required an enormously large amount of calculations for a real network.
In this method the loads are thought to be active and are modeled with fixed current sources and the angle between the voltages is neglected. Heuristics and heuristic methods have long been used to solve DFR problems and as a pioneer in this field, Civanlar et al. [2] made use solely of these methods to determine a distribution configuration which would reduce line losses. In the other approaches, researchers have tended to use the mathematical methods instead. The numerical optimization methods use iteration methods to reach the best topology of the network. In [3] , Aoki has solved the problems using Minos/Augmented Software. There is another artificial-intelligence-based approach in solving DFR problems. In [4] , Debapriya has presented a multiple objective function in which the optimum topology is to be reached as the final target and this is supposed to be accomplished with a fuzzy optimization method. In [5] , Gallardo has used greedy reconfiguration algorithm (GRA) and the fast greedy reconfiguration algorithm (FGRA) to minimize the energy not supplied (ENS) of medium-voltage distribution networks.
Combinatorial methods are of great importance in this approach. In [6] , Ching-Tzong has used HDE (Hybrid Differential Evolution) method advised by [7] to solve the reconfiguration problem along with some improvements and has taken voltage and current conditions into account. He has compared HDE method with SA (Search Approach) method and has reached the same results but in a shorter period of time with is one of the advantages of the HDE method. In [8] , the authors have used particle swarm optimization to solve DFR problem regarding DGs. In this paper a suitable approach for distribution network reconfiguration considering DG's has been presented. At first, DG's have been modeled and later a new combinatorial algorithm based on ant colony optimization (ACO) and simulated annealing (SA), called ACO_SA has been exploited to solve the multiobjective function. In the proposed approach, the objective functions are to minimize the real power loss, the number of The paper has been organized as follows: In the Section II, the proposed DFR has been formulated. In Sections III and IV, the basic principles of the ACO and SA are introduced, respectively. In the Section V, the application of the ACO-SA to solve the DFR is shown. In Section VI, the feasibility of the ACO-SA and the proposed DFR is demonstrated and compared with the solutions found by other works and other evolutionary methods such as Genetic Algorithm (GA), ACO and PSO, over the distribution test systems. Finally, the Section VI provides the conclusion of the paper.
II. DISTRIBUTION FEEDER RECONFIGURATION WITH REGARD TO DISTRIBUTED GENERATION
From a mathematical standpoint the optimal operation of distribution network with regard to distributed generation is an optimization problem with equality and inequality constraints. The objective function is the summation of electrical energy generated by DGs and substation bus as follows:
where Ng, Nsw and Nbus are the number of DGs, switches and buses, respectively. Also, X is the state variable vector. Swi is the state of the i th switch specified in terms of on/off status, taking 0 or 1 as its value. Sw is the switching state vector including state of all switches. At first, if there is no obstacle, all of them will move along the straight path (AB) (Fig.1.a) . At the next stage, assume that there is an obstacle; in this case, ants will not be able to follow the original trail in their movement. Therefore, randomly, they turn to the left (ACB) or to the right (ADB) (Fig1.b) . Since ADB path is shorter than ACB, the intensity of pheromone deposited on ADB is more than the other path. So ants will be increasingly guided to move on the shorter path (Fig1.c). This behavior forms the fundamental paradigm of the ant colony system. As was indicated in Fig.1 , the intensity of deposited pheromone is one of the most important factors for ants to find the shortest path. Generally, the intensity of pheromone and path length is two important factors that should be used to simulate the ant system. To select the next path, the state transition probability is defined as follows:
where Wij and Lij are the intensity of pheromone and the length of path between nodes j and i, respectively. J1 and J2 are the control parameters for determining the weight of trail intensity and length of path, respectively. N is the number of ants. After selecting the next path, the trail intensity of pheromone is updated as:
In the above equation, U is a coefficient such that (1-U) represents the evaporation of the trail between time k and k+1 and ij W ' is the amount of pheromone trail added to ij W by ants. To apply the ACO algorithm for reconfiguration, the following steps have to be taken:
Step 1: Generate the initial population and trail intensity.
Step 2: Generate the initial population and trail intensity. for ants in each colony (local search) .
Step 3: Determine the next position.
Step 4: Check the convergence condition.
IV. SIMULATED ANNEALING ALGORITHM
The simulated annealing is a generalization of a Monte Carlo method for examining the equations of state and frozen states of n-body systems. The concept is based on the manner in which liquids freeze or metals recrystalize in the process of annealing. In an annealing process, a melt is initially at high temperature and disordered and is slowly cooled so that the system at any time is approximately in thermodynamic equilibrium. As cooling proceeds, the system becomes more ordered and approaches a "frozen" ground state at zero temperature. Hence, the process can be thought of as an adiabatic approach to the lowest energy state. If the initial temperature of the system is too low, the system may become quenched [9] .
The original Metropolis scheme was that an initial state of a thermodynamic system was chosen at energy E and temperature T. Holding T constant, the initial configuration is perturbed and the change in energy, E ' , is computed. If the change in energy is negative, the new configuration is accepted. If the change in energy is positive, it is accepted with a probability factor
. This process is then repeated sufficient times to give good sampling statistics for the current temperature, and then the temperature is decremented and the entire process repeated until a frozen state is achieved at T=0.
The general procedure for the SA algorithm can be summarized as follows [10] :
Step 1: Select an initial solution X and an initial temperature T.
Step 2: Find another solution, namely next X , by modifying the last answer X.
Step 3: Calculate the energy differential
Step 4: If 0 'E go to Step 9.
Step 5: Generate a random number, namely R, between 0 and 1.
Step 6: If
go to Step 9.
Step 7: Repeat Steps 2-6 for a number of optimization steps for the given temperature.
Step 8: If no new solution, next X is accepted and go to
Step 10.
Step 9: Decrease the temperature T, replace X with next X and go to Step 2.
Step 10: Reheat the environment with setting T to a higher value.
Step 11: Repeat Steps 1 through 10 until no further improvement obtained.
V. APPLICATION OF ACO-SA TO RECONFIGURATION
This section presents a new hybrid approach based on combining the ant colony optimization and simulated annealing algorithms for the reconfiguration problem. To apply the hybrid algorithm, named ACO-SA, on the clustering the following steps should be repeated:
Step 1: Generate an initial population.
Step 2: Generate an initial trail intensity.
Step 3: Determination of the next path.
To determine the next path, at first, the neighborhood of X i is determined by simulated annealing as follows:
Step 9.
Volume 4
After that, SA finds the best local solution(Y), and then the trail intensity matrix is updated as follows:
where r is a positive parameter between 0 and 1
Step 4: Check of the convergence condition. After all ant colonies (X i ) find the next path, the convergence condition is checked by:
VI. SIMULATION RESULTS
In this section the proposed method is applied to distribution feeder reconfiguration on a realistic radial distribution test feeders (Fig (2) ). It is assumed that there are 3 generators whose specifications are given in Table I shown that global or close to global optimum solutions for the system losses, the voltage deviation was attained. Also, the proposed approach minimizes the number of switching operations. The proposed method is independent on the initial status of network switches. The ACO-SA is a combination of two powerful optimization algorithms; Ant Colony Optimization and Simulated Optimization. It has been shown that this combination can provide a good opportunity for all individuals to search the surrounding area better. The simulation results have been shown that the ACO-SA reaches a much better optimal solution in comparison with others and has the small standard deviation for different trails 
